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Summary: The antitumor effects of CD40 and CD20 monoclonal antibodies 
(mAbs) were compared on various human B-cell lymphomas by using both in 
vitro and in vivo assays. Anti-CD40 directly inhibited the proliferation of hu- 
man B-cell lymphomas in vitro* whereas anti-CD2D exerted, no inhibitory ef- 
fects on the growth of any lymphoma tested. These lymphomas were then 
injected into immunodeficient mice to examine the antitumor efficacy of these 
unconjugated mAbs to vivo. This xenogeneic model was used in the evaluation 
of various potential therapeutic agents against human cancers in an in vivo 
setting. Surprisingly, in contrast to its negligible effects on lymphoma growth 
in vitro, anti-CD20 was more efficacious than anu~CD40 in promoting the 
survival of mice bearing some but not all lymphoma lines. To determine wheth- 
er the antitumor effects of these mAbs were direct or indirect in vivo, we 
concurrently treated tumor-bearing mice with mAbs to the murine Fc receptor 
to block antibody-dependent cell-mediated cytotoxicity (ADCC). When these 
neutralizing antibodies against Fc receptors were administered at the same 
time as cnAb treatment, the antitumor effects of anti-CD20 in vivo were com- 
pletely abrogated, whereas anti-CD40 treatment, although also diminished, still 
provided significant antitumor effects. These results indicate thot die in vivo 
antitumor activity of the murine anti-human CD20 mAb was primarily due to 
ADCC by murine effector cells, which may not translate into comparable 
effects in humans. By contrast. anii-CD40 may be of potential clinical use in 
the treatment of lymphomas in humans because of its additional direct anti- 
proliferative effects. The results also demonstrate a possible difficulty in ac- 
curately evaluating the potential clinical efficacy of murine antibodies against 
human tumors in a human/mouse model system. Murine monoclonal anti- 
humnn antibodies may produce greater effects in human/mouse xenogeneic 
models, in which they are more likely to elicit host effector systems than when 
used in vivo in humans. Key Words: Anli-CD40— B Lymphoma— Anti- 
CD20 — Human/mouse — Immunotherapy. 



Received September 6, 1995; accepted December 18, 1995. 

The content of this publication docs not necessarily rencci the 
views or policies of the Department of Hentth und Human Ser- 
vices, nor does mention of trade names, commercial products, ur 
organisation imply endorsement by ihc U.S. Government. 

Address correspondence and reprint requests to Dr. W. J. 
Murphy, Biological Carcinogenesis and Development Program, 
SAIC Frederick. Bldg. 567, Room 141. Frederick, MD, 21702- 
1201, U.S.A. 



In the treatment of cancer, the use of mAbs, ei- 
ther conjugated or unconjugated, offers a means of 
specifically targeting the lumor cell for destruction. 
However, the clinical use of unconjugated murine 
mAbs directed against cell-surface determinants for 
the treatment of B-cell lymphomas has met with 
mixed results. Several mAbs directed against 
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22?L CD £- CD22, and CD24 surfacc de '«mi- 

cva I ua,ed c,inica,,y in * ,ien * ^ 

ZL ™ ld , when compared with that of immu- 
noioxins. he clinical responses that were observed 

"ere 22 <2) - CUrrent prCC,inica ' «*5K 
these anticancer agents involves the use of in vitro 

screening asS ay S f 0 i, 0 wed by determination 0 ° 

ZSStZL !" ,Um0r : bcarin « The ability to 
engraft human tumors in immunodcficienl mice h™ 

agents against human tumors in an in vivo setting 

titfasAs ■*•"■«* -J 

CD40 is a member of (he Fas family of molecules 

en ,at,on (4 5). -We have found thai CD40-spccific 
anabod.es directly inhibit the growth of a va£ of 
human B-cell lymphomas in vi.ro and are effi C a 
'y^omas in 

whereas antibodies (o CD20 have „o eOtet Tu.' 
survival of hS£S^"fi?t» 

d«.u ericas (i.e., antibody dependent c<*« 
mediated cytotoxicity (ADPO aJ ^ . 
mediated lvsisl Thpr!f u } col MenieM- 

becatse these antibodies are better able tocHd 
ho^efense mechanisms in v ivo in mice 

MATERIALS AND METHODS 
Mice 

he C An!™? p C 'i (SCID) mice were obtained from 
he Animal Production Facility (NCI FCROC 



Stt^o^^scm 0 ' a " d ""V* "« «" 

\T wccks or age. SCID mice were keot un<w 
cfie-pathogen-free conditions at all £7hc £ 

water, and bedding were autoclaved before use 
2S I'? ,rime 'hoprim/sulf at „S: 

Antibodies 

mo^e'.tfT <M2 and M3 hybridotnas, 

l « Gl > m Abs were kindly provided bv Irn^ 
munex (Seattle WA n c i i «, 7 • ° 
CD20/IPS „!I , S A -' (6) - Anti-human 

frmn Dr K v ^ 2a) mM WaS 3 8 enerous ■» 
trom Dr. Kevin Conlon (NCI-FCRDC 7) A.Tfi 

aS^r^f i? 2 - « ^«^ PU^ 
ascites (8,9). Mouse IgG! and fgG2a myeloma nm 

T^xr*** from ^ 



Iminimoihtr. Vai. /», .v„. j. 



Tumor'Cell Lines 
The RL cell line was obtained from a patient with 
diffuse large-cell lymphoma (10). TU2C wa Tii?Z 
stem Barr vhvs (RBVNnduced B.eT.So^ 

huPB7o h f Uman Pen ' phcra ' b, °o<» «ymphoc y S 
(huPBLs) from an EBV-seropositive donor The 
generauon of EBV-induced B-cell lymphomas has 
been prevously demonstrated to Jc„r in huP B S 

clonal (unpublished observations) and has been 

«ureVL C ,n ,Ure - ^ Raji is a -H line c"- 
Z ul ! Pat,Cm wi,h Burki " ,s 'ymphoma (12) 
PCRDQ ' k ' nd * fr ° m Dr - Joh * O«aldo (NCI- 

Row Cytometric Analysis of Cells 
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nedenck). After washing, the cells were fixed in 
% paraformaldehyde and were analyzed on an EP 
ICS flow cylometcr (Coulter Electronics). 

Proliferation Assay 

The effects of anli-CD4 0 and anti-CD20 on B-ccll 
ymphoma growth in vitro was determined by [>HI- 

Sr 2 4 n h ' nC f ° rPOrati ° n (6) - The ce " were 
the se lr ^ thc ™W w ere performed. Jn 
S ex P e ' l | n i cms > antibodies were cross- 

sL^t ,;r e n haV « e f ° Und ,0 °P ti,lli « the 
cG (R hf « Bnef L^ 100 ^ 0f Soat-^nti-mousc 
< Fl »her-Sciencc, Pittsburgh, PA. U.S.A ) at a 
concentration of 25 p-g/tnl was added to he wells 

bou o r b m a,Cd f ° r 24 h * 3? ° C in ™»5- 

bottom, microliter plates (Corning Glass Works 
N Y* L, S - A »- After washing with h35 
balanced saline solution (HBSS) twice, the wells 
then received 100 yi of either anti-CD40. anti- 
VJJ..0. or the isoiype-matched IgG I or IgG2a con- 
trols at 10 mg/ml and were allowed (o incubate for 2 
h I he tumor cells were then added at a conccntra- 
t.on of x |0> per well. Scven.y-two hours later. I 
nCr of 1 Hl-thymidine/well [sp. act. 6.7 Ci/mmol: 

Mr.f c g n NudearRcscarch Pr «°"«s- Boston. 
ma. U.S.A.) 1 was added for the final 8 to 18 h of 
culture. Cultures were harvested onto glass fiber 
uers with a PhD Cell Harvesting System (Cam- 
bridge Technology Inc., Cambridge. MA. USA) 
nnd [ Hl-thymidine uptake was assayed by liquid 
scim.llat.on on an LKB betacoonter (l.KB Instru- 
ments. Inc.. Turku. Finland). Each experiment was 
performed three to four times, with a leprcsenlative 
experiment being shown. The data are presented as 
percentage growth compared with the isotypc- 
matched control-antibody. Cpm were analyzed un- 
translormed. by regression analysis and analysis of 
vartauce. When there was a significant departure 
from linearity the .difference belwecn cphi levels 
for the control and treated groups at several con- 
centration levels was tested for significance by Stu- 
denfs i test by using the pooled residual error. 



In Vivo Experiments 

All SCID mice received 20 p.1 of anti-asialo GMI 
(aati-ASGMI) (Wako Chemicals. Dallas. TX, 
U.S.A.) i.v. I day before tumor transfer to remove 
host natural killer (NK) cells (13). Five million RL 



7p U2 o7 ,°v R S-m n,0r Ce " S WCre ,hCn injcCted 
■ p. or i.v. SCID rec.p.ent S then received 2 ug of 

mlh r ed an,, " CD40, an,i - CD2 °- 0r thc ™»P'- 
Tvt -,A m i mnC C ° ntro1 amibod y > P- ™V other 
day lor 20 days and a total of 10 injectionsTtarting 

2 4G2 V inn 3 " " ? " F ° r lhc involving* 

H ** ° f e ' ,her 2 402 or »he isotype 
matched rat control antibody was administered lip 

• p^ t,me as lhc injections of anti-CD40 or 
anti-CD20 every other day for 10 days and a total of 
five injectmns. Tumor bearing mice were then mon- 

Morii, i CUm ° r deve, °P m *nt and progression. 
Moribund miC c were killed, and necropsies were 
performed on all mice for evidence of tumor All 
wpenments had five to seven mice per group and 
were performed two to three times. Both paramet- 
ric (Student s , test) an d nonparametric (Wilcoxon 
rank sum test) analyses were performed to deter- 
mine if the groups differed significantly (p < 0.01). 

RESULTS 

Surface Expression of CD20 and CD40 Molecules 
on Various Human B-Cell Lymphomas 

rmn ( "VnZT inCd lh ° SUrfacc "P^sion of 
CD20 1 and CD40 on various B-cel» lymphoma cell 
lines derived from several types of lymphomas. Rl. 
■s a cell line derived from a patient with. diffuse 
large-cell lymphoma (10). TU2C is an EBV-induced 
U-cell lymphoma derived from an SCID mouse that 
received human peripheral blood lymphocytes from 
an LBV -seropositive donor. Raji is a cell line cul- 
tured fr 0m a patient with Burkitfs lymphoma (12) 
All of the lymphomas expressed comparable 
amounts of both CD20 and CD40. as determined by 
How cytometry (Rg. I). The CD40 expression on a 
Burkut s lymphoma (Raji cell line) is in agreement 
with previous reports concerning these cell lines by 
our laboratory and others (6,14). It has been re- 
ported that CD20 expression is reduced in EBV 
lymphomas derived from huPBL-SCID mice (15) 
However, we faded to detect such a reduction in 
staining intensity in the TU2C EBV-lymphoma cell 
line. The flow-cytomclric assessment therefore sug- 
gests that all of the cell lines examined expressed 
both these determinants. 

Anti-CD40 Directly Inhibits B-Ccll Lymphoma 
Growth In Vitro 

We then compared the effects of CIMO-specific 
and CD20-specific mAbs on lymphoma growth in 
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WC.. 1. Surface expression of CD40 and CD20 on human B-ccl) 
lymphomas as determined by flow-cylomeiric analyst The 

w . Gd ,10C * re ^ >reseftl ftnsW) sumhie. 

EJSL « Top: 5 A a ' nm « of RL lymphoma cells with amkCD40 
left panel; oram;-OO20 (right panel). Middle: Staining of TU2C 
lymnboma cells with suitf-CIWO (left panel) or ami-CMO (right 
panel). Bottom: Stoning of Raji lymphoma cells with ami CD4u 
(left panel) or aitt-CD20 (right panel}. 

vitro by assessing the effects on I'HMhymiUine in- 
corporation. Wc previously found that anti-CD40 
could directly inhibit H-cell lymphoma growth in 
vitro and thai these inhibitory effects could be aug- 
mented by prior cross-linking of the antibody (6) 
Therefore., hoth antibodies (J ^g/mlj were cross- 
linked in these assays to produce optimal inhibitory 
signals. The data arc presented as the percentage 
growth of the tumor cells compared with an isotype- 
matched control antibody. The results demonstrate 
(hat anu-CD40 is capable of direcllv inhibiting tu- 
mor growth of RL. TU2C, and Rati cell lines in 
vitro, whereas ami-CD20 produced no discernible 
effects on tumor proliferation, even after eross- 
tickmg (Ftg. 2). The in vitro data would then suggest 

/ imitutttitther Vol .'9. AVi. 2. 1996 



that, because of its ability io directly inhibit lym- 
phoma growth, anti-CD40 mAb may be more effi- 
cacious ,n vivo when compared with anti-CD20 
mAb. which produced no inhibitory effects in vitro. 

In Vivo Efficacy of Anti-CD40 and Anti-CD20 on 

Tumor-Bearing Mice 
We then compared the efficacy of anti-CD40 and 

Ant,-Cp20 (IFS) has previously been examined 
clinically (2), and we wanted to evaluate its effects 
in a human/mouse tumor model in which human 
tumors are placed in immunodeficient SCID mice 
This model has been used for the evaluation of 
S5I ™? jUg3 ^ anl *odies directed towanL 
CD2I CD22, and CD24 on EBV-induced B-cclf 
lymphomas placed in these mice (I). However be 
cause these antibodies were of murine origin there 
may be effector mechanisms active in SCID mice 
(NK cells, macrophages, complement) receivinn 
these antibodies that may not predict human effi 
cacy. RL lumor cells were injected i.p. into SCID 
mice followed I day later by either anti-CD40 or 
anti-CD20 treatment (2 ^g/day given every other 
day i.p. for 20 days). Treatment with anti-CD40 re- 
sulted in significant (p < 0.05) increases in survival 
in the SCID recipients (Fig. 3). This is in agreement 
with previous data from our laboratory concerning 
the antitumor properties of anti-CD40 in vivo (6) 
The results also demonstrate that in contrast to its 
negligible effects on lymphoma growth in vitro 
treatment with anti-CD20 also significantly (« < 
0.05) promoted the survival of the tumor-bearing 
recipients. The differences in survival between the 
two treatments were not statistically significant 
When the EBV-induced B-cell lymphoma cell line. 
1 U2C, was injected into SCID recipients, similar 
results of the two antibodies in promoting survival 
were obtained. However, with this lymphoma, anli- 
CD20 treatment was superior (/, < 0.05) to anti- 
CD40 at increasing survival of the recipients when 
treatment was initiated at day 1 (Fig. 4). Wc then 
wanted to compare the efficacy of the two treat- 
ments on yet another type of lymphoma, this time 
administered i.v. The Burkitt's lymphoma cell line. 
Raji. was transferred into the SCID recipients by 
i v. injection, and the mice were then given i.p. in- 
jections of ami-CD40 or anti-CD20 mAb (2 p.g every 
other day for 20 days) 7 days after lumor injection, 
the data demonstrate that both anti-CD40 and anti- 
cs mAbs were capable of significantly (p < 0.05) 
increasing survival of the mice by a comparable ex 
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tent (Fig. ». These results therefore demonstrate 
that both anti-CD40 and anti-CD20 arc efTicacious 
against a variety of human B-cell lymphomas in 
vivo, although only anti-CD40 demonstrated any di- 



rect antiproliferative effects on these tumors in 
vitro. In spite of its lack of effects in vitro, anti- 
CD20 was more efficacious than anti-CD40 toward 
the TU2C B lymphoma line. 



FIG. 3. Effects of anti-CD40 or an:i- 
CD20 administration on the survival of 
SC1D mice bearing RL UmiCf cells. The 
in vivo experiments are describee in Ma- 
terials and Mc'lmds. Tumor-bcartnR 
nice were treated 24 U after injection of 
tumor. Both anci-CfKfl and anii-CCXO 
administration significant I v (p < o.05) 
promoted the survival of tiimor-bcartag 
irttcc. The differences in survival be- 
tween the two treatments was not s!atis- 
licnlly significant. 
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FI 9- 4 - Effects of ami-CLHO or 
am,-CD20 administration on iht 
survival of SCiD mice bearing 
TU2C tumor cells. In vivo exper- 

H^w ^ ? cscrib ^ « Maters 
^"d Methods. Treatment was ini- 
tiatcd on day 1. Both »^CT)40 
and anti<:D20 significantly (p < 
JMJS) promoted the survival of 
SCID recipients. Ami-CD2G treat- 
ment was supcrioi <p < 0 05) to 
™i-CD40 at incre^-iunrtv^ 
ol the recipients. 
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SS'S SCID -i'h a significant 
jrereemage of the mice rema ning disease-fre* 

when 2,402 was a' £Ei 

of mAb Ueatment. the efTects of ami-CD20 w«e 
trSf y , abr0gatCd (F * 6A > A.th 0 ug? 2 T G 2 
•eels ofanti-CWo. ant.-CD40 still significantly (p < 
0-05) promoted the survival of Raji-bearing mi« 



20 



40 eo eo 
DAY OF DEATH 



too 



120 



Best Available Copy 



ANTITUMOR EFFICACY OF CD40 AND CD20 MONOCLONAL ANTIBODIES 



99 



o' 1 am1"rnJS ertS ° f 2 402 0a in vivo amiiumor effeeis 
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(Fig. 6B) This indicates that the antitumor effects 
of am,-Cp40 were not solely a function of thcdiS 
- U.prohfenu.ve effects detected in vitro and were 
also caused by ADCC in vivo. , lowever. the 2.402 

an t rm'rf eS * Um ' ' hc in v,vo i,nti,umor effects of 
anti-CO20 were exclusivclv by Fc receptor 
mediated mechanisms, whereas anti-CD40 could 

senr^'p C agniK ' u ^ a » ,i,u ™' in the ab- 

sence of Fc-receptor function. 

DISCUSSION 

lie prol.lc.ai.on of seve,al different human B-cel( 
lymphomas in vitro, whereas anti-CD20 h-,d no di 
roct effects on tumor growth. However, both ami- 
bpd.es were s.mdarly efficacious a a ai„ s , these tu- 



mors ,n v,v„. Because anti-CD20 had no effect on 

torv e T,f roW r th Vitr °' COo,n,sl 10 tohlb- 
tory effects of ant,-CD40. wc had initially al- 

Sv ?.^ anl " C,)2 ° C ° n,ml Wndi "8 anti - 
oouy <n the xcnogcne.c tumor model to examine the 

^rtT' CD40 - The Viv ° effects 
of an . -CD20 were as B reat as, or superior to. those 

of anu-CWO in this xenogeneic model. However 

the antuumor effects of anti-CD20 were completely' 

abrogated when Fc receptors on host cells we c 

blocked by 2.4G2. This indicated that there was™ 

le correlauon between the in vitro inhibitory ac- 

iZ s Wh nt " CD2 ° and cmcacy of *»» 

agamst these tumors in the human/mouse model 
This would also suggest that using in vitro prolifer- 
anon assays to screen potential anticancer mAbs is 
not suffiaem because it is no, possible to recreate 
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all of the potential mechanisms by which these an- 
tibodies could mediate antitumor effects in vivo. 

The demonstration that anli-CD40 inhibits tumor 
growth in vitro may seem contradictory in light of 
previous reports stating that anli-CD40 had no ef- 
fect on the growth of Burkitf s lymphoma ceil lines 
(14). However, we found that prior cross-linking of 
the antibody optimizes the inhibitory signal by anti- 
CD40 in vitro (6), and this may be why (he inhibi- 
tory effects of anti-CD40 were not detected in those 
studies, because only soluble antibodies were used. 
The data demonstrating that anti-CD20 did not af- 
fect lymphoma proliferation, even after cross- 
hnking, arc in agreement with those of previous re- 
ports (2) and suggest that anti-CD20 may be analo- 
gous to CD21, CD22. and CD24 antibodies which 
also did not affect human B-ccIl lymphoma growth 
m vitro (1). In those studies, it was also found thai 
(Unconjugated anti-CD2l. -CD22. and -CD24 anti- 
bodies could prolong survival in SCID mice bearing 
human EBV-induccd B-ceit lymphomas (I) The 
mAbs were also of murine origin and had an IgG2a 
isolype and subclass (1). J g G2a antibodies are the 
most efficient for ADCC, both in vitro and in vivo 
(16). and it appeared that the mechanism underlying 
the in vivo antitumor effects of these antibodies was 
by ADCC in the SCID recipients (1). The ami-CD20 
mAb is also IgG2a. and it was speculated that the 
antitumor effects detected in some of the patients 
clinically were also mediated by ADCC and possi- 
bly complement fixation (2). However, the exact 
mechanism by which murine antibodies such as IF5 
mediate Iheir modest antitumor effects clinically is 
not known (2). This would indicate that the use of a 
numan/mouse model system for the evaluation of 
thc^e murine mAbs may result in an ovcrestimation 
of the degree of efficacy because of the increased 
ability of murine mAbs to mediate ADCC with mu- 
rine effector cells, which would not necessarily be 
present in a clinical situation. 

Additionally, a recent study comparing the effi- 
cacy of nonconjugatcd mAhs in nude and SCID 
mice- bearing humac tumors found that nonconju- 
gatcd mAbs were effective only in SClD mice, sug- 
gesting that the total absence of immunoglobulin in 
these mice heightens their ability to mediate ADCC 
when exogenous antibodies are administered (17) 
This would also indicate that the evaluation of mu 
nne mAbs of IgG2a subclass would yield excellent 
results (using SCID mice) that may be unlikely to 
translate into comparable clinical responses in hu- 
mans. However, because the clinical evaluation of 

/ Immunol. Vol. /V. So. 2. 



anti<:D20 suggested that its antitumor effects were 
due to ADCC, indicating that murine mAbs were 
capable of inducing ADCC with human effector 
cells, it is clear that evaluation by human trials is 
necessary to delermine the efficacy and applicabil- 
ity of murine mAbs. 

The anti-CD40 used in our studies was of an IgGl 
subclass, which makes it difficult directly to com- 
pare the two antibodies in vivo. Experiments arc 
under way evaluating anti-CD40 with another sur- 
face-binding mAb that is atso an tgGl. However, 
differing surface expression of various surface an' 
tigens may also account for differing in vivo effi- 
cacy, nuiking direct comparisons difficult (18). 

Therefore, we are also attempting to create Fab' 
fragments of the CD40 and CD20 mAb to determine 
whether the antitumor effects persist both in vtfro 
and in vivo. The data demonstrating that the supe- 
rior efficacy ofami-CD20 diminished with increas- 
ing tumor burden suggest that the direct antiprolif- 
erative effects of anti-CD40 on neoplastic B-cells 
may offer additional advantages clinically. These 
results then suggest that the use of nonconjugatcd 
mAbs. particularly those with direct anti-pro- 
iiferatrve effects on tumor cells, still have potential 
clinical applications. However, caution must be 
used in the interpretation of data generated by the 
use of a human/mouse model system in which ef- 
fector mechanisms that are restricted to the mouse 
may lead to an overestimate of clinical efficacy. 
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